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DESCRIPTION 



SOLID ELECTROLYTIC CAPACITOR 



[ 0 0 0 1 ] 
TECHNICAL FIELD 

The present invention relates to a solid 
electrolytic capacitor which includes an anode foil and 
a cathode foil rolled together. 

[ 0 0 0 2 ] 
BACKGROUND ART 

Fig. 2 is a sectional front view of a prior art 
solid electrolytic capacitor 1 f andFig. 3 is a perspective 
view of a capacitor element 2 (see, for example, Japanese 
Examined Patent Publication No. HEI 4 - 19695 ( 1992 )) . 



aluminum case 3 having a top opening , the capacitor element 
2 contained in the case 3, and a rubber packing 30 which 
seals the opening of the case 3. An upper edge portion 
of the case 3 is curved to fix the packing 30 , and a plastic 
seat plate 31 is attached to the top of the case 3. Lead 
wires 21, 21 extend from the capacitor element 2 through 
the packing 30 and the seat plate 31, and then bent 
laterally . 

As shown in Fig . 3 , the capacitor element 2 includes 



The solid electrolytic capacitor 1 includes an 
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a roll element 20 including an anode foil 4 of an aluminum 
foil coated with a dielectric oxide film and a cathode 
foil 5 of an aluminum foil, which are rolled together 
into a roll with a separator 6 of an insulative material 
such as paper interposed therebetween and fixed by a tape 
26. The roll element includes a solid electrolyte such 
as a TCNQ ( 7 , 7 , 8 , 8 - tetracyanoquinodimethane ) complex 
salt impregnated therein, or an electrically conductive 
polymer layer provided therein. Lead tabs 25, 25 
respectively extend from the anode foil 4 and the cathode 
foil 5, and the lead wires 21, 21 respectively extend 
from the lead tabs 25, 25. 
[ 0 0 0 3 ] 

Although the solid electrolytic capacitor 1 having 
such a construction is widely used, there is a market 
demand for a capacitor having a smaller size and a greater 
capacitance. To this end, a capacitor has been proposed 
whose cathode foil 5 is coated with a metal nitride film 
as described below ( see , for example, Japanese Unexamined 
Patent Publication No. 2000-114108). 

An explanation will be given to the principle of 
the capacitance increase of the capacitor by coating the 
cathode foil 5 with the metal nitride film. In general, 
the dielectric oxide film is not intentionally formed 
on the cathode foil 5, but formed by natural oxidation. 



Therefore, the capacitance C of the capacitor is 
equivalent to a capacitance obtained by connecting the 
capacitance Ca of the anode foil 4 and the capacitance 
Cc of the cathode foil 5 in series, and represented by 
the following equation: 

C=CaxCc/ (Ca+Cc) =Caxl/ (Ca/Cc+1 ) 

That is, if the cathode foil 5 has the capacitance 
Cc, the capacitance C of the capacitor is smaller than 
the capacitance Ca of the anode foil 4, 

Where a film 50 of a metal nitride such as TiN is 
formed on the cathode foil 5 by sputtering or vapor 
deposition as shown in Fig. 4, however, molecules of the 
metal nitride supposedly intrude into the oxide film 51 
to contact an aluminum base of the cathode foil 5. 
Therefore , the base and the metal nitride are electrically 
connected to each other, so that the cathode foil 5 has 
no capacitance. Thus, the capacitance of the capacitor 
can be increased without size increase of the capacitor. 

A non-valve metal may be employed instead of the 
metal nitride for the formation of the film. A valve 
metal herein means a metal naturally coated with it s oxide , 
and examples thereof include tantalum and niobium in 
addition to aluminum. 
[ 0 0 0 4] 

However , the aforesaid capacitor has the following 



drawbacks . 

The capacitor of this type is required to have a 
lower ESR (equivalent series resistance) as well as a 
higher capacitance. To this end, the width of the anode 
foil 4 or the cathode foil 5 as measured vertically should 
be increased. However, the vertical widths of the anode 
foil 4 and the cathode foil 5 cannot be increased to greater 
than the width of the separator 6 . Widening the separator 
6 is contradictory to the size reduction of the capacitor. 

If the anode foil 4 and the cathode foil 5 each 
have the same vertical width as the separator 6 or a 
vertical width slightly smaller than the width of the 
separator 6, the foils 4 and 5 are brought into contact 
with each other due to a rolling shift of the foils 4, 
5, thereby increasing the possibility of an increase in 
leak current or a defective due to a short circuit. 
Therefore, the foils 4, 5 each have a width smaller than 
the width of the separator 6 by about 0.5mm to about 1mm. 

In view of the fact that the cathode foil 5 coated 
with the metal nitride film has no capacitance, the 
inventor has conceived the idea of reducing the width 
of the cathode foil 5 coated with the metal nitride film 
for preventing the foils 4 and 5 from contacting each 
other . 

It is therefore an object of the present invention 
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to provide a capacitor having an increased capacitance, 
a reduced ESR and a smaller size while suppressing a 
defective due to contact between foils 4 and 5 of the 
capacitor . 

[ 0 0 0 5 ] 
DISCLOSURE OF THE INVENTION 

A solid electrolytic capacitor 1 comprises a 
capacitor element 2 which includes an anode foil 4 and 
a cathode foil 5 rolled with a separator 6 interposed 
therebetween, and a solid electrolyte layer or an 
electrically conductive polymer layer provided therein. 
The cathode foil 5 is coated with a film 50 of a metal 
nitride or a non-valve metal. The cathode foil 5 has 
a smaller width than the anode foil 4, and the anode foil 
4 has substantially the same width as the separator 6. 

[ 0 0 0 6 ] 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig . 1 is a perspective view of a capacitor element ; 

Fig. 2 is a sectional front view of a prior art 
solid electrolytic capacitor; 

Fig . 3 is a perspective view of a prior art capacitor 
element; and 

Fig. 4 is a sectional view for explaining how a 
metal nitride film intrudes into an oxide film to reach 
a base. 
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[ 0 0 0 7 ] 

BEST MODE FOR CARRYING OUT THE INVENTION 

One embodiment of the present invention will 
hereinafter be described in detail with reference to the 
attached drawings . 

A solid electrolytic capacitor 1 has substantially 
the same overall construction as the prior art capacitor 
shown in Fig. 2. As shown in Fig. 1, a capacitor element 
2 includes a roll element 20 including an anode foil 4 
of an aluminum foil having an electrochemically formed 
film and a cathode foil 5 of an aluminum foil, which are 
rolled together into a roll with an insulative separator 
6 interposed therebetween and fixed by a tape 26. The 
roll element 20 is impregnated with a solid electrolyte 
such as a TCNQ complex salt, or includes an electrically 
conductive polymer layer provided therein. A pair of 
lead wires 21, 21 extend from the roll element 20. 

A film including a titanium (Ti) thin layer and 
a titanium nitride thin layer is provided on the cathode 
foil 5. Hence, the cathode foil 5 has no capacitance 
as described above or, if any, the capacitance thereof 
is negligible. Therefore, the width of the cathode foil 
5 never influences the capacitance of the capacitor. The 
film may be composed of a non-valve metal as described 
above . 
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The anode foil 4 has substantially the same 
vertical width as the separator 6. The width of the 
cathode foil 5 is greater than 50% and smaller than 100% 
of the width of the anode foil 4. 
[ 0 0 0 8 ] 

The capacitor element 2 is produced in the 
following manner. Since the anode foil 4 is prepared 
by cutting an aluminum sheet, end faces of the anode foil 
4 are formed with no dielectric oxide film. Therefore, 
the roll element 20 is subjected to an electrochemical 

^ ^ „ ^ imc i- Vi ^ Ano* faces 

process to form axexeucri^ „ AJ .v*<= — 

of the anode foil 4. Thereafter, the roll element 20 
is thermally treated at 280° C for stabilization of the 
characteristic properties of the dielectric oxide films . 

In turn, the roll element 20 is impregnated with 
a mixture solution containing n-butyl alcohol as a diluent , 
3,4-ethylenedioxythiophene and iron(III) 
p- toluenesulf onate . followed by thermal polymerization . 
Thus, an electrically conductive polymer layer is formed 
between the foils 4 and 5 . whereby the capacitor element 
2 is completed. The capacitor element 2 is sealed in 
the case 3, whereby the solid electrolytic capacitor 1 
is completed. 
[ 0 0 0 9 ] 

In this embodiment, the electrically conductive 
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polymer layer is formed of an electrically conductive 
polythiophene polymer, but may be formed of a polypyrrole 
or polyaniline functional polymer- Instead of the 
electrically conductive polymer layer, a solid 
electrolyte layer such as of a TCNQ complex salt may be 
formed . 

[0010] 
Experiment Results 

The inventor prepared three types of capacitor 
elements 2 (40 capacitor elements 2 for each type) whose 
cathode foils 5 had widths which were 90%, 80% and 60%, 
respectively, of the widths of anode foils 4 , and produced 
solid electrolytic capacitors 1 of Examples 1, 2 and 3 
by employing these three types of capacitor elements. 
The vertical widths of the anode foils 4 were each 
substantially the same as the width of a separator 6 but 
not greater than the width of the separator 6. 

Further, the inventor prepared two types of 
capacitor elements 2 (40 capacitor elements 2 for each 
type) whose cathode foils 5 and anode foils 4 had widths 
which were 75% and 100%, respectively, of the widths of 
separators 6, and produced solid electrolytic capacitors 
1 of Prior Art Examples 1 and 2 by employing these two 
types of capacitor elements. The cathode foils 5 of the 
capacitor elements 2 of Prior Art Examples 1 and 2 were 
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formed with no metal nitride film. The capacitors thus 
produced each had a rated voltage of 4V, and cases 3 of 
the capacitors each had an outer diameter of 8,0mm and 
a height of 17.0mm. 

Defective ratios observed during a rolling process , 
and defective ratios and leak current (LC) defective 
ratios observed after the production of the capacitors 
of Examples 1, 2 and 3 and Prior Art Examples 1 and 2 
are shown (in units of %) in Table 1. 
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Table 1 





Rolling process 


Inspection process 


Short circuit 
defective ratio 


LC defective 
ratio 


Short circuit 
aeiective rauio 


Example 1 


U . 43 


2 . 25 


0 . 00 


Example 2 


0 .32 


1 . 78 


0 . 00 


Example 3 


0 .20 


0 .65 


0 . 00 


Prior Art 
Example 1 


0.31 


1 . 49 


0 . 00 


Prior Art 
Example 2 


32.3 


42 . 5 


21.8 



[0011] 

As can be understood from Table 1, the capacitor 



of Prior Art Example 2 in which the cathode foil 5 and 
the anode foil 4 each have the same width as the separator 
6 is much higher in short circuit defective ratios and 
leak current defective ratio in the rolling process and 
the inspection process and, hence, is not suitable for 
mass production. 

Next, capacitances ("Cap" in units of [iF) and 
dielectric losses ("tan5" in units of %) were measured 
by applying a rated AC voltage at 120Hz, and equivalent 
series resistances ( w ESR" in units of mQ) were measured 
by applying a rated AC voltage at 100kHz. Further, leak 
currents ( "LC" in units of \ih) were measured after a rated 
DC voltage was applied for two minutes. The results of 
the measurement are shown as average values in Table 2. 
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Cap 


tan5 


ESR 


LC 


Example 1 


720 


2 . 4 


20 


15 


Example 2 


719 


2 . 5 


21 


12 


Example 3 


719 


2 . 4 


22 


9 


Prior Art Example 1 


560 


2 . 4 


25 


13 


Prior Art Example 2 


720 


2 . 5 


20 


361 



[0012] 

As can be understood from Table 2. the capacitor 
of Prior Art Example 1 in which the anode foil 4 has a 
width which is 7 5% of the width of the separator 6 is 
much lower in capacitance. Therefore, the anode foil 
4 needs to have substantially the same width as the 
separator 6 for increasing the capacitance of the 
capacitor . 

As can be understood from Tables 1 and 2, where 
the width of the cathode foil 5 is greater than 50% and 
smaller than 100% of the width of the anode foil 4 and 
the anode foil 4 has substantially the same width as the 
separator 6. the capacitance increase and the ESR 
reduction of the capacitor can be achieved with the process 
defective ratios (the short circuit defective ratios and 
the leak current defective ratio) maintained at 
conventional levels. 
[0013] 
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INDUSTRIAL APPLICABILITY 

Since the cathode foil 5 is formed with the film 
of a metal nitride or a non-valve metal, the cathode foil 
5 has no capacitance or, if any, the capacitance thereof 
is negligible. Therefore, the capacitance of the 
capacitor is determined by the capacitance of the anode 
foil 4. 

The anode foil 4 has substantially the same width 
as the separator 6, so that the anode foil 4 has a smaller 
ESR and a greater capacitance. Since the cathode foil 
5 has a smaller width than the anode foil 4, unwanted 
contact between the foils 4 and 5 can be prevented. 
Therefore, an increase in leak current and a defective 
due to a short circuit can be prevented . 



